Three variants of minimized hepatitis delta virus (HDV) RNA ribozyme systems designed on the basis of the "pseudoknot" model were synthesized and their tertiary interactions were analyzed by NMR spectroscopy. Rz-1 is a c/s-acting ribozyme system (the cleaved form, 56-mer) in which stem IV is deleted from the active domain of genomic HDV RNA. Rz-1 was uniformly labeled with stable isotopes,
INTRODUCTION
Hepatitis Delta Virus (HDV) is a satellite virus which infects specifically cells already infected with hepatitis B virus. The HDV genome consists of a circular, single-strand RNA of about 1.7 kb. The genome is replicated by the rolling circle mechanism and self-cleavage of the genomic and antigenomic RNAs is involved in the process. As in the case of other self-cleaving RNAs (ribozymes), such as hammerhead and hairpin ribozymes, the cleavage reaction requires divalent cations, and the cleavage results in generation of a 5'-hydroxyl and a 2', 3'-cyclic phosphate groups. In this study, three minimized HDV ribozymes (Fig.l) were prepared. The "pseudoknot" model is a secondary structure model of HDV ribozyme and it contains four stems, I to IV. Rz-1 is a genomic HDV ribozyme derivative, in which stem IV is replaced with a U residue directly connecting stems I and II ( Fig. la) (1) . Rz-2 is composed of three
Rz-4 RNA oligomer strands (substrate component: 8-mer, the cytidine residue at the cleavage site is replaced by 2'-O-methylcytidine, and enzyme component: 16-mer plus 35-mer; total length 59 nucleotides) with a hybrid sequence of genomic and antigenomic RNAs (Fig.lb) (2) . Rz-4 is composed of two RNA oligomer strands (substrate component: 8-mer, the cytidine residue at the cleavage site is replaced by 2'-0-methylcytidine, and enzyme component: 53-mer; total length 61 nucleotides) and was designed by Perrotta and Been ( Fig.lc) N. Rz-4 has the same sequence and an extra loop closing stem IV. Rz-4 has advantage that they can be synthesized enzymatically in higher yields and have more stable structures than Rz-2. The cytidine residue at the cleavage site of Rz-2 and Rz-4 is replaced by 2'-O-methylcytidine to protect from cleavage reaction in the presence of Mg 2+ .
RESULT AND DISCUSSION

Assignment of the imino proton signals of each ribozyme
Analysis of the 2D-NOESY and 2D-HSQC spectra of Rz-1 showed that the imino proton signals could be sequentially assigned for hydrogen-bonded U and G imino protons. Signal assignment for Rz-1 was already reported (4). Hydrogen-bonded imino proton signals of Rz-4 were assigned by analysis of 2D-NOESY spectrum. Rz-2 and Rz-4 showed very similar spectra. Therefore, we assigned them by comparing their spectra. From these results, signals for stem I and stem II of Rz-1, all stems of Rz-2 and Rz-4 were assigned except for base-pairs which are at the terminal(s) of each stem. NOEs which come from base-pairs known as "pseudoknot" structure and novel base-pairs at G38 of Rz-1, G28, G29 of Rz-2 and Rz-4 were observed (highlighted regions in Fig. 1 ). These novel base-pairs are observed in the crystal structure of a modified genomic HDV RNA (5) and it was reported that 3'
Fig.2 Effect of temperature on imino proton signals
|| stable at 60°C U § disappeared at 60°C jTj disappeared at 55°C * disappeared at 50°C they are important for activity (6) . Our result suggests that these novel base-pairs exist in solution.
Temperature stability of base-pairs of Rz-2 The effect of temperature (5°C to 60°C) on the stability of base-pairs for Rz-2 was examined. The imino proton signal of G28 disappeared 50°C earlier than the other corresponding signals (Fig.2) . It is assumed that destabilization of the base-pair G28:C13 causes a reduction of cleavage activity of Rz-2 above 45°C(2).
Mg
2+ sensitivity of base-pairs of Rz-2 Imino proton spectra of Rz-2 were measured at various MgCl 2 concentrations (0-4 mM). The imino proton signal of G28 showed the largest shift (Fig.3) . It suggests that the Mg 2+ ion binds close to novel base-pair G28:C13.
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